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1.0 Introduction

This policy providesinformation on methods for investigating, evauating and remediating soil and ground
water contaminated with brine or sdt. For the purposes of this palicy, the terms brine, sdt, and chloride
may be used interchangesbly.

This policy addresses primarily point source salt contamination of soil and ground water. Accumulation
of soluble sdtsin soil can occur naturdly in arid and semi-arid regions, or asaresult of arelease of brine
or sdtintotheenvironment. Common soluble saltspresent in the environment include chloridesand sulfates
of cacium, magnesum, sodium and potassum. Sdt contamination is not normdly a hazard to human
hedth; however, it can cause adverse and long lasting environmenta impacts to soil and ground water
resources because chlorides are highly soluble, do not adsorb onto soil particles, do not degrade, and
generdly inhibit biological processes. Releases of sdt onto the ground can damage soils by destroying the
s0il structure and permeability. The presence of high concentrations of soluble salts can inhibit seed
germingtion and a plant’s ability to uptake water. Salt-contaminated soil in the near surface can lose its
ability to support either agricultura crops, native grasses, or other vegetation if sdt levels are high enough,
potentialy contributing to surface erosion.

If vertical migration from the near surface soil through the vadose zone to the underlying water table occurs
and chloride impacts ground water, degradation of the aquifer can result in long-term loss of value as a
source for public or private drinking water supply, irrigation, or industria purposes.

20  Shallow Soil

One of the gods for remediation of soil contaminated with brine or sdt is to restore the ability of the ol
to support vegetation. Three criteriaare important for characterizing salt contamination for the purpose of
evauating the soil for itsability to support vegetation and identifying dternativesfor soil reclamation:) total
soluble sAlts (TSS or sdlinity); 2) sodium adsorption ratio (SAR); and 3) soil pH. TSS is measured as
conductivity. SAR (Equation 1, page 6) isused to estimate the rdlative activity of sodiumionsin exchange
reactions with soil, indicating the sodium or dkdi hazard to soil. Soils can be classified as sdine, sdine-
sodic, sodic, or norma on the basis of SAR, soil pH, and TSS values as described in Table 1. The ol
classfication (e.g., sdine or sodic) can be used to determine the most appropriate aternative for
reclamationof salt-contaminated soil for the purpose of establishing vegetation. Sincemost plantsand trees
obtain the bulk of their nutrients and water from the upper 3 to 4 feet of the soil column, testing for TSS,



SAR and soil pH should be limited to the upper 4 feet of soil. Testing of the soil for these parameters may
be necessary for areasthat can not support vegetation or areas where the vegetation shows Sgns of stress.
Andyticd methods are identified in Section 5.0.

The deanup levd for shalow soil shdl be Site pecific as determined by KDHE but will be based on the
ability of the soil to support vegetation and will take into consderation the soil to ground water pathway
as described in Section 3.0.

3.0 Soil to Ground Water Pathway

Another primary god for soil contaminated with st includes preventing leaching of salt condtituents from
the soil into an agquifer. The methodology for caculating the concentration of chloride in soil thet is
preventative of migration to ground water was derived from the document titled Soil Screening Guidance:
Technical Background Document, OSWER 9355.4-17A, EPA/540/R-95/128 May 1996. Tocalculate
this concentration of chloride, KDHE used smilar assumptions and default input parametersidentified in
the Risk-Based Sandards for Kansas (RSK Manual), 3¢ Version, March 1, 2003. The caculation
(Equation 2) and default input parameters are shown on page 7. Using the default input parameters and
the Federal secondary maximum contaminant level (SMCL) of 250 milligrams per liter (mg/L) for chloride
indrinking water, the concentration of chloridein soil thet is protective of ground water is1,000 milligrams

per kilogram (mg/Kg).

The default dilution attenuation factor (DAF) of 20, used in Equation 2, is based on a source area of 0.5
acres (i.e., length of the source pardld to ground water flow is 147.6 feet, assuming a square source). |If
the source areais larger than 0.5 acres, KDHE may determineit is gppropriate to caculate a site-specific
DAF. Equation 3 can beusedto caculate aste-specific DAF. Cdculation of aste-specific DAF requires
cdculation of a Ste-gpecific mixing zone depth (Equation 4). Input parametersfor calculation of the DAF
and mixing zone depth are identified on page 7.

At steswherethe natura background concentration of chloridein ground water isgreater than the SVICL
of 250 mg/L, the natural background concentration in ground water may be used to caculate aste-specific
concentration of chloride in soil thet is protective of ground water. Section 4.0 discusses determination of
the natural background concentrations in ground water. To calculate the Site-specific soil to ground water
concentration, the natural background concentration of chloride in ground water is substituted for the
regulatory standard in Equation 2.

The site soil above the water table (i.e., vadose zone) must be adequately characterized for chloride
contaminationto provide datafor the evauation of the soil to groundwater pathway. While only the upper
4 feet of s0il istested to evauate the soil’ s ability to support vegetation (Section 2.0), the entire soil column
inthe vadose zone, including the upper 4 feet, should be evaluated for the soil to ground water pathway.

40 Ground Water

The god for remediation of chloride contaminated ground water is to return the aguifer to the most
beneficid use, beit drinking weater, irrigation, or other uses. If the concentration of chloride in an aquifer
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isnaturdly high, the god isto return the aquifer to naturd background levels.

The remedid god of 250 mg/L for chloride in drinking water is the Federd SMCL. The SMCL for
chloride is based on the concentration at which the taste of the water becomes objectionable.

The remedid god for chloride in water used for irrigation is 350 mg/L. The acceptable leve of chloride
in irrigation water is dependent on the crop. Most Kansas crops are only intermediate in their sat
tolerance. Chloride tolerance of agricultura crops without loss in yield ranges from 350 mg/L to 2,800
mg/L (Irrigation Water Quality Standard and Salinity Management).

Background concentrationsmay be determined for substancesthat are naturaly occurring such aschloride.
If pre-existing datais not available or not representative of the Site, the natural background conditions may
be determined as part of the Ste characterization, with KDHE concurrence. If the naturd background
concentrationof chlorideisgreater than 250 mg/L, the natural background concentration becomesthesite-
gpecific cleanup standard for ground water. Ultimately, it will be necessary to gain gpprova from the
KDHE project manager for sampling strategies meant to characterize background environmenta quality
and cdculation of ste-specific cleanup standards.

5.0 Analytical M ethods

During scoping of invedtigation activities, the anaytica methods used for characterizing soil and ground
water contamination should be discussed with the KDHE project manager. Wherechloride contamination
isidentified or suspected, other soluble sdtsarelikely to be present and may beimportant for consderation
during evauation and design of corrective actions. Soluble sdts generdly include: sodium, cacium,
magnesum, potassium, sulfate, chloride, carbonate, and bicarbonate. The sampling and andysis plansfor
chloride contaminated sites may includetesting the soil and water for chloride, TSS, SAR, pH, and metas
or other parameters as appropriate. Standard anadytica methodsareidentifiedin Table2. Other methods
may be considered for approva by the KDHE project manager.

6.0 Corrective Action Alter natives

The corrective action aternatives presented here address both soil and ground water. Thelist of corrective
action aternatives provided below is not meant to be acomplete list of the available aternatives. KDHE
will review and may approve another reasonable corrective action dternative provided it is protective of
the environment and adequate judtification for the method is supplied.

KDHE srongly supports implementation of interim remedid measures (IRMs) as a means to achieve
remedia goals more quickly and reduce the overal cost of Steremediation. IRMs can consist of remova
of sources of contamination in soil, provison of aternate water supplies, containment of contaminated
ground water, or other appropriate action. The responsible party may implement IRMs with KDHE
approval.

Corrective Action Alternativesfor Sails




. Excavation and disposal of salt-impacted soil at an approved landfill
Digpod in alandfill may require a Specid Waste Authorization. The digposa authorization and
further information can be obtained through the KDHE/Bureau of Waste Management - Waste
Compliance, Enforcement and Policy Section.

. Excavation and disposal of salt-impacted soil into salt caverns
Althoughthereareno regulatory barriersin Kansasto cavern disposa, thereare several congtraints
induding identifying a Class Il sdt solution mining facility willing to teke the materid. Plans
describing the injection procedure, spill contingencies, etc., must be submitted to the
KDHE/Bureau of Water - Underground Injection Control Unit for approva.

. Capping with an engineered, hydraulically impervious barrier
Capping sdt contaminated areas may require attaching an enviromenta use control (EUC) to the
property title. Information about the EUC Program can be obtained by contacting the
KDHE/Bureau of Environmenta Remediation - Remedia Section.

. Soil washing
This dternative includes excavation and ex-gtu trestment of the contaminated soil. Following
treatment, the soil isreturned to the Site or used otherwise as gppropriate. The processwater from
soil washing will require disposa by a KDHE-approved method.

. In-stu leaching, with ground water hydraulic control and recovery
Leaching saline soils may be gpplicable where certain conditions can be met including the
avalability of a water supply of acceptable quaity, soil with adequate permeability to alow
percolation of the water through the soil column, surface runoff control, and containment and
recovery of leachate where ground water is a useable resource, as determined by KDHE.

. Addition of soil amendmentsand in-stu leaching
Soil chemistry must be considered and the amendment (gypsum, organic matter, etc.) must be
adequately mixed with the salt-contaminated soil. This aternative may not be appropriate for
deeply impacted soils. Leaching may not be appropriate for areas where drinking water or
irrigation supplies may be affected.

Corrective Action Alter nativesfor Ground Water

. Alternate drinking water supply

Upon identification of a salt impact to a drinking water well the responsible party is required to
immediatdy provide an dternate drinking water supply to the impacted receptors. Alternate
suppliesmay include provision of bottled water, ingtdlation of awhole-housetreatment system, re-
drillingthewell in adifferent location or to anon-impacted aquifer, or connection to apublic water
supply. Some programs, such as the Voluntary Cleanup Program, may have a more stringent
definition of an dternate water supply. Provison of an dternate drinking water supply may be a
component of the selected corrective action for aste.



7.0

10.

11.

Hydraulic containment with beneficial use, deep disposal, or treatment of the extracted
water Hydraulic containment will prevent further degradation of theaguifer. Theextracted ground
water can be treated by ion exchange or reverse osmosis technologies to remove chloride.
Beneficia use of the treated water is preferred. A less desirable but valid option isto dispose of
untreated water to a deep injection well. Deep disposd of untreated water will require approval
of the KDHE/Bureau of Water - Underground Injection Control Unit. In some instances the
KDHE/Bureau of Water may gpprove discharge to a stream or river under a Nationa Pollution
Discharge Elimination Sysem (NPDES) permit.

No remediation approved in special circumstances

If receptors are provided with dternate water supplies, and natural ground water qudity is such
that the water is not potable or useable for irrigation, the no-action aternative may be consdered.
Ingtallation of a ground water monitoring well network and monitoring plan for tracking of the
contamination will be necessary. Sdlection of the no-action dternative will require KDHE
concurrence.
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Tablel. Classification of Salt-Affected Soils

Electrical Conductivity Soil Sodium Adsor ption Sail
Classification (mmhos/cm) pH Ratio Physical Condition
Normal <40 <83 <13 Normal
Sdline >40 <85 <13 Normal
Sodic (akali) <40 >85 >13 Poor
Saline-sodic >40 <85 >13 Normal

Table 2. Analytical Methods for Water Samples

Parameter

Methodology

Method | dentification

Sodium Adsorption Ratio
(anaysis of extract from water-soil slurry

Atomic Absorption

Standard Methods (SM) 3111 B
EPA 200.7 or SM3120 B

or water-soil saturated paste for sodium Inductively Coupled Plasma SW-846 Method 6010B
calcium and magnesium)
Total Soluble Salts (TSS) Conductance EPA 120.1 or SM 2510B
(measured as conductivity) SW-846 Method 9050A
pH Electrometric SM 4500-H'B
SW-846 Method 9045C

Chloride lon Chromatography EPA 300.0

Titrimetric EPA 3253

Colorimetric SM 4500-CI-B
Alkainity Titrimetric EPA 310.1 or SM 2320B

Colormetric EPA 310.2
Sulfate lon Chromatography EPA 300.0

Colorimetric EPA 375.10r 375.2

Table 3. Cleanup Goalsfor Chloride I mpacted Sites

Parameter and Setting

Soil to Ground Water
Migration Pathway

Ground Water Pathway

Chloride in a potable agquifer (drinking water) 1000 mg/Kg 250 mg/L
setting

Chloride where an aquifer is used for 1400 mg/Kg 350 mg/L
irrigation but not as adrinking water supply

Equation 1. Sodium Adsorption Ratio (SAR)
Na*
SAR = Equation 1
\/0.5( Ca2 iy Mg2+ )

Parameter

Definition (units)




SAR

Sodium Adsorption Ratio (unitless)

[Na], [Ca*] and [Mg*]

Concentration of sodium, calcium and magnesium (milliequivalents per liter)

Equation 2. Soil to Ground Water Migration Pathway Equation

Ci= Cw<( Ka) + M> Equation 2
b

Parameter Definition (units) Default
G Screening level in soil (mg/Kg)
C., target soil leachate concentration (mg/L) Regulatory Standard X DAF
Regulatory Standard maximum contaminant level (mg/L) 250 (secondary MCL for chloride)
DAF dilution attenuation factor (unitless) 20
H’ Dimensionless Henry’s Law Constant 0
Ky Soil-water partition coefficient (L/kg) 0
2 Water-filled soil porosity (L, e/Lei) 0.3
2. Air-filled soil porosity (L, /L) 0.13
2 Dry soil bulk density (kg/L) 15

Equations 3 and 4. DAF and Mixing Zone Depth (d) Equations

DAF—1+§ﬂg Equation 3
- AT d
,\05 e U .
d= (0.0112L ) +d (1-expe—Uu Equation 4
a aKid
™%
Parameter Definition (units)
DAF dilution attenuation factor (unitless)
K aguifer hydraulic conductivity (meters/year)
i hydraulic gradient (meter/meter)
d mixing zone depth (meters)
I infiltration rate (meters/year)
L length of source parallel to ground water flow (meters)
d, saturated aquifer thickness (meters)




